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ELECTROPORATION APPARATUS WITH 
CONNECTIVE ELECTRODE TEMPLATE 

FIELD OF THE INVENTION 

This invention relates generally to the field of electroporation, and more specifically 
to the use of electroporation to introduce agents to a neoplastic cell to damage the cell. 

BACKGROUND OF THE INVENTION 

A cell has a natural resistance to the passage of molecules through its membranes 
into the cell cytoplasm. Scientists in the 1970's first discovered "electroporation", where 
electrical fields are used to create pores in cells without causing permanent damage to them. 
This discovery made possible the insertion of large molecules directly into cell cytoplasm. 
Electroporation was further developed to aid in the insertion of various molecules into cell 
cytoplasm by temporarily creating pores in the cells through which the molecules pass into 
the cell. 

Electroporation has been used to implant materials into many different types of 
cells. Such cells, for example, include eggs, platelets, human cells, red blood cells, 
mammalian cells, plant protoplasts, plant pollen, liposomes, bacteria, fungi, yeast, and 
sperm. Further-more, electroporation has been used to implant a variety of different 
materials, referred to herein as "implant materials", "implant molecules", and "implant 
agents". These materials have included DNA, genes, and various chemical agents. 

Electroporation has been used in both in vitro and in vivo procedures to introduce 
foreign material into living cells. With in vitro applications, a sample of live cells is first 
mixed with the implant agent and placed between electrodes such as parallel plates. Then, 
the electrodes apply an electrical field to the cell/implant mixture. 

With in vivo applications of electroporation, electrodes are provided in various 
configurations such as, for example, a caliper that grips the epidermis overlying a region 
of cells to be treated. Alternatively, needle-shaped electrodes may be inserted into the 
patient, to access more deeply located cells. In either case, after the implant agent is injected 
into the treatment region, the electrodes apply an electrical field to the region. Examples of 
systems that perform in vivo electroporation include the Electro Cell Manipulator ECM 600 
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product, and the Electro Square Porator T820, both made by and available from the BTX 
Division of Genetronics, Inc. 

In the treatment of certain types of cancer with chemotherapeutic agents it is 
necessary to use a high enough dose of a drug to kill the cancer cells without killing an 
unacceptably high number of normal cells. If the chemotherapy drug could be inserted 
directly inside the cancer cells, this objective could be achieved. Some of the best anti- 
cancer drugs, for example, bleomycin, normally cannot penetrate the membranes of certain 
cancer cells effectively. However, electroporation makes it possible to insert the bleomycin 
into the cells. 

In general, the treatment is carried out by infusing an anticancer drug directly into 
the tumor and applying an electric field to the tumor between one or more pairs of 
electrodes. The molecules of the drug are suspended in the interstitial fluid between and 
in and around the tumor cells. By electroporating the tumor cells, molecules of the drug 
adjacent to many of the cells are forced or drawn into the cell, subsequently killing the 
15 cancerous tumor cell. "Electrochemotherap.y«' is the therapeutic application of 

electroporation to deliver chemotherapeutic agents directly to tumor cells. 

Known electroporation techniques (both in vitro and in vivo) function by applying 
a brief high voltage pulse to electrodes positioned around the treatment region. The electric 
field generated between the electrodes causes the cell membranes to temporarily become 
porous, whereupon molecules of the implant agent enter the cells. In known electroporation 
applications, this electric field comprises a single square wave pulse on the order of 1000 
V/cm, of about 100 us duration. Such a pulse may be generated, for example, in known 
applications of the Electro Square Porator T820, made by the BTX Division of Genetronics, 
Inc. Needle electrodes have been found to be very useful in the application of 
25 electroporation to many organs of the body and to tumors in the body. 

An electric field may actually damage the electroporated cells in some cases. For 
example, an excessive electric field may damage the cells by creating permanent pores in 
the cell walls. In extreme cases, the electric field may completely destroy the cell. It is 
desirable that improved electroporation methods and apparatus with selectable needle 
30 - electrode arrays be available." 
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SUMMARY OF THE INVENTION 

The invention provides a therapeutic electroporation apparatus for the treatment of 
cells, particularly a neoplastic cell, in order to damage the cell. 

A primary aspect of the invention includes an electrode template apparatus. The 
electrode template apparatus includes a primary support member having opposite surfaces, 
a plurality of bores extending through the support member and through the opposite 
surfaces, a plurality of conductors on the support member separately connected to at least 
one of the plurality of bores, a plurality of electrodes selectively extendable through the 
plurality of bores so that each conductor is connected to at least one electrode, and a means 
for connecting the conductors to a power supply. The electrode template apparatus is 
utilized to apply a high voltage electric field to the cell in order to introduce a theraputic 
agent into the cell. 

In accordance with another aspect of the invention, the apparatus includes a primary 
support member having opposite parallel surfaces, a plurality of bores arranged in a 
rectangular array and extending through the support member and through the opposite 
surfaces, a plurality of conductors on the support member separately connected to at least 
one of the plurality of bores, a plurality of needle electrodes mounted in the plurality of 
bores so that each conductor is connected to at least one electrode, wherein at least one of 
the needle electrodes has a tubular configuration for injection of the agent into the tissue; 
and conn ectors for connecting the conductors to a power supply. The tissue is contacted 
with the agent; and a pulse of high amplitude electric signals is applied to the cell, for 
electroporation of the cell with the agent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view illustrating a system employing an exemplary 
embodiment of the present invention. 

FIG. 2 is a side elevation view showing the embodiment of FIG. 1 in use. FIG. 2 A 
is an enlarged partial side elevation view illustrating details of one embodiment of a needle 
electrode tip. 

FIG. 3 is a first layer or PC board of the connector of FIG. 1. 
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FIG. 4 is a view like FIG. 3 of a second layer of the connector. 
FIG. 5 is a view like FIG. 3 of a third layer of the connector. 
FIG. 6 is a view like FIG. 3 of a fourth layer of the connector. 
FIG. 7 is a view like FIG. 3 of a fifth layer of the connector. 
FIG. 8 is a view like FIG. 3 of a sixth layer of the connector. 
FIG. 9 is a view like FIG. 3 of a seventh layer of the connector. 
FIG. 10 is a perspective view illustrating the positioning of the layers of Figs. 3-9 
with needles shown in position. 

FIG. 1 1 is a partial sectional view taken along a row of connectors. 
FIG. 12 is a partial sectional view taken across three lines of conductors of the unit. 
FIG 13 is a schematic illustration of needle electrode arrays FIG 13A is a 
schematic illustration of a needle electrode array of FIG. 1 with an alternate electrode 
connection mode. 

FIG. 13B is a schematic illustration of a an alternate needle electrode array with an 
15 alternate electrode connection mode. 
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FIG. 14 a plan view of a PC board showing circuit connections for the layout of 
FIG. 15 is a view like FIG. 14 of a second series of connections for the layout of 



FIG. 16 is a schematic illustration of an alternate embodiment of an electrode array 
FIG. 1 7 is a schematic illustration of another embodiment of an electrode array 
FIG. 18 is a schematic illustration of a further embodiment of an electrode array. 
FIG. 19 is a schematic illustration of a still further embodiment of an electrode 

array. 

FIG. 20 is a schematic illustration of a system including a pulse generator and 
switching circuit connected to an electrode array. 

FIG. 21 is a side elevation view illustrating another embodiment of the invention 
showing the needle electrodes mounted in a holder with the electrodes in the retracted 

position. 

FIG. 22 - is a view like FIG. 16 showing the needle electrodes in the extended 

position. 
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Ail p„ blications memjoned here . n m 
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"-de.ectrop^ 
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cells of the tissue The need,, . , e,ectrodes . 'hereby generating electric fields ,„ 
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THERAPEUTIC METHOD 
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Therapeutic peptides or polypeptides may also be included in the therapeutic 
method of the invention. For example, immunomodulatory agents and other biological 
response modifiers can be administered for incorporation by a cell. The term "biological 
response modifiers" is meant to encompass substances which are involved in modifying the 
unmune response. Examples of immune response modifiers include such compounds as 
cytoldnes. The term "cytokine" is used as a generic name for a diverse group of so,ubie 
protems and peptides which ac, as humoral regulators a, nano- to picomolar concentrations 
and „h,ch, either under normal or pathological conditions, modulate the fanctional 
ac„v,„es of individual ells and tissues. Also included are polynucleotides which encode 
metabohc enzymes and proteins, including antiangiogenesis compounds, e.g.. Factor VIIl 
or Factor IX. 

In electrochemotherapy, electroporation is used to deliver chemotherapeutic agents 
d.rectly into tumor cells. "Electroporation" refers to increased permeability of a «,1 
membrane and/or a portion of cells of a targeted tissue (or population of cells) to an agent 
when the increased permeability occurs as a result of an application of voltage across a cell' 
I. .s beheved tha, electroporation facilitates entry of a chemotherapeutic agent such as 
bleomycin or otter drugs into the tumor cell by creating pores in the eel, membrane 
Treatment ,s carried ou, by administering an anticancer drug directly into the tumor and 
applymg an electric fie!d to the tumor benveen a pair of electrodes. Without being bound 
by theory, the molecules of the drug are suspended in the interstitial fluid between and in 
and around the tumor cells. By electroporating the tumor cells, molecules of the drug 
adjacent to many of the cells are forced or drawn into the ceU, subsequently killing the 
cancerous tumor cell. 

Any cell /„ v,vo can be treated by the metitod of the invention. The method of the 
mvention is useful in treating cell proliferative disorders of the various organ systems of 
•he body. The method of the invention for the treatment of cells, induding but not limited 
to the cells of the prostate, pancreas, larynx, pharynx, lip, throat, lung, kidney, muscle 
breast, colon, uterus, thymus, testis, skin, and ovary. The cells may be cells from any 
mammal, including mice, rats, rabbits, dogs, cats, pigs, cows, sheep, and humans. !„ a 
preferred embodiment, the cells are human cells. 
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The term .„ eoplasia „ refers to a ..^ of ^ 
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variation ' The contnbutton of blast cell properties to outcome 
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pulse, In one embodiment, the electrical pulse is delivered as a pulse lasting from abou, 
5 *sec to 50 msec i„ duration. The electrical pulse can be applied as a square wave pulse 
an exponential wave pulse, a unipolar oscillating wave form of limited duration or '* 
b.polar osciHating wave form of lunited duration. In one embodiment, the electrical pulse 
is comprised of a square wave pulse. 

The electrical pulse can be delivered before, at the same time as, or after the 
apphcation of the agent. The chemical composition of the agent wffl dictate the most 
appropnate time to administer the agent in relation to the administration of the electric 
pulse. For example, while no, wanting , 0 be bound by a particular theory, i, is believed ,ha, 
a drug havmg a low isoelectric point (e.g., neocarcinostatin, ffiP-3.78), would likely be 

moreeffectiveifadmimsteredpost-electroporationinordertoavoidelectrostatictateraction 
of .he highly charged drug within the field. Further, such drugs as bleomycin, which have 
a very negative logP,(P being the partition coefficient between octanoi and water), are very 
large in s,ze (MW-,400), and are hydrophilic, thereby associating closely with the lipid 
membrane, diffuse very s lo w,y i„,„ . , umor cell wd „ typkal , y admioistere<( p . Qr ^ ^ 
substantially simultaneous with the electric pu,se. Preferably, the mo.ecule is administered 
substantially comemporaneously with the electroporation treatment. The term "substantial^ 
contemporaneously" means ma, the molecule and the electroporation treatment are 
admrntstered reasonably close together with respect to time. The administration of the 

molec.leorfterapeu.icagentandeiectroporationcanoccuratanyinterval.dependingupon 
such factors, for example, as tire nature of the tumor, the condition of the patient, the size 
and chemtcal characteristics of the molecule and half-life of the molecule. 

Electroporation can help mimmize the amount of a chemotherapeutic agent used 
these chemica.s frequently being harmful to normal cell, In particular, less of the 
c emotherapeutic agent can be introduced into tire tumorous area because tire 
electroporation will enable more of the implant agent to actually enter the cell 

"Admimsteriog" an agent in the methods of the invention may be accomplished by 
any means known to the skilled artisan. Administiation of an agent in the methods of tire 
"■vention can be, for exam P .e, parenteral* by injection, rapid infusion, nasopharyngeal 
absorption, dermal absorption, and orally. In the case of a tumor, for example a 
chemotherapeutic or other agent can be administered locally, systemically or directly 
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injections in muI tip,e dircctions , t " *« " bd °* « by multiple 

<he volume of .h/Cclr 8thr ° U8hOU,thetUm0r ' *<■ 

treated. ,„ one specjfc „„ ^ °" "* VO, ™ e - of the tissue being 

BXAMP L ES),0 2 s X: I " CXamP ' e USi " S *» <~ 
Thus, the voI me ofl g cont g ' 8 SO ' Uti ° n iS injeCKd «» «— — 

Pension or*. t l „ M ^7 ^ ^ ,0 ™" ^ 

Slycol, po.yethy.ene glyco, vegetable t " S °' VenIS " Pr °"^ 

«* - ethy, oleate BesideT " °"' "* «" 

— — - - — 

agents can be used to keen .h.,i, s agems - Fur ">er, vasoconstrictor 

keep the therapeuuc agent localized prior to pulsing. 

ELECTROPOBATION APPARATUS 

Referring to Fig. , of toe drawing, an etectroporation system ,0 
exempt embodiment usen,, in the methods of the pLn.i" ^ " 

system comprises a pulse generator 12 ft " i " UStra ' ed ' The 

preferably of the type disc.osed in a 7 ^ ^ ^ ^ ™r is 

Treatment Using ^1 M ^ ° 8/9 ° 5 ' 240 ' "Method of 

^-Pa~canbe p ^ " 
-biefortheparticularaonllr ^ ^ »**« «*— 
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The pulsing uni, has the usual control pane, with a power selector swuch U and 
have vanous tndicators to indtcate t0 the operator vanous co„d Wo „s and paramete sZ 

:::z :t 18 for ^ set - p ° fat - a — - - - ~ <zt 

generator to a connector and tetnplate 22 for a plurahty of electrodes The electrode 
c^or and tetnplate 22 serves to connect se,ec,ed electrodes to selected contT 
whtch ,n turn connect the electrodes to the pulse generator The , , , 

A precise and controlled voltage must he applied to the tissue in order to provide 
■he optimum elaboration or poration of the ceHs. Therefore i, is essential IT 

hetween the electrodes ,„ order to ap ply the optimum voltage to the ce„s Th 
temnlat^ „ m *^ lls * 1 he connector 

emulate » provtdes a means of selective* positioning any number of electrodes in a pre 
determmed array with pre-determined spacing. P 

elecopl^r" 1 SySt ™ Mtmy deSiSned ^ UStaS '° app.y 

treatment f example, this system will enable the 

.e«„en of prostate tumors, breast tumors, local tumors, pancreatic tumors liver tumo^ 
or any other organ within the body that is accessible by needle electrodes T 
■nanner including open surgery While ,h ,- : ^ ° tha 

-rtio„ofd rag s.nL„s 8 :: n 2 "^izt b —^-^ 

selected tissue in the bodv for alt* ■ ° rgan ° r ^ 

..^..-.rrr:~" i * , *"-""~--"-"-'-- 

No. 08/467 566 entitled "FW, ■ ^example, ,n application Ser. 

6 e„ W ,ed, Elec.roporat.on Mediated Delivery of Drugs and Genes" ,s an 
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^:::::rr rr of r s defi " e - - - - * — 

facing between the raulti " **** a predetermined 

; >tnr f po t wi,wn a ,issue where 

conneaor such as cable in .he in , 1 P ge " erator by a suitat " e 

rows may be selected for the n art - , 1StanCe a P art The spacing between the 

on,e„ r . d e r „ f a bo J 0 i;:~; PP,iCati - b ^ 

The electrodes are positioned in the grid in a selected ma 
-as of the tissue and the connections to I Celt 7T ^ ^ ^ 
active,, .strihut, ^ _ J^^Z T ^ ^ ^ 

needies or two pairs) within the tumor can he JZ ed ^ (b ° U " d 

square a. a high frequency so that the total treatment time ■ T ^ 
With such an array high vokaae, k " ^ ° f 3 few 

«>> «• «. «. «. 50, and 52 to a side edge ^ 
connected by suitable ra ean S , either directly o, by . " k ^ ^ » 
20. y °y a P lu g and socket structure to the cable - - 
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Second and subsequent rows of the through holes (no, numbered) win be connected 
by conductors o„ the different ieveis of the iaminate making up the connector structure as 
* SUbSe<,Uen " y d ™ ™ s — a cioser spacing of the eiectrodes An 
-empiary group of n«d,es 58, 60, 62, 64, 66 and 68 are shown i„ some of the bores 
Certatn of the eiectrodes 60, 64 and 68 are ho,.ow and have a suttabie connector a, the 
outer end to enabie the infusion of drugs or genes. These need.es aiso have one or more 

77 d' « " eed ' e e ' eC,r0deS ™ ^ *° ^ — «*• - Ports of 

electrode 60 shown to have outle, ports identified by reference numerais 70 and 72 

Refernng specify to Fig. 2, the Mustrated connector tempiate is shown in use 

■n treatment of a prostate cancer or the iike. In this instance, the connector 22 is shown 

mounted on an eiongated support rod 54 of an uitra-sound probe 56 which is shown 

■nserted ,n,o the re«um of a patient. The sound probe is used to visual the prostate and 

«h iocation of the eiectrodes in the prostate. The tentp.ate is then in a P „s itl o„ such that 

a piurai.ty of the needie eiectrodes 5 8> 60 and 62 are inserted through three of the hori 2 o„,ai 

.hrough bores, as i„„s,ra,ed, and into the prostate of the patient. In this instance, two of the 

iZdiT: 58 "T are " lus,rated m beins som need,e - • — 

code 60 ,s shown to be ho„ow to enabie the injection of mo.ecuies, such as a drug or 
a therapeutic agent or other materia,. A second group of needle eiectrodes 64, 66 and 6 8 
are beiow the aforementioned eiectrodes and extend through the through bores of the 
connector ,e rapI a,e and into the prostate of the patient. ,n this instance, two of these 
need es 64 and 68 are hoiiow to enab.e the injection of a therapeutic or other agent into the 

zrr pati r ^^^^-^^--^of*.*^ 

agent and serve as the eiectrodes for the appiication of the electrica, puises to the tissue of 
the prostate or cancer ceUs within the prostate. ,„ one embodiment of the invention the 
need e eiectrodes are partiaiiy insured aiong an mediate portion of tne shaft so'tha 
oniy tha, ponton ,» the seiected tissue and in the tempiate are conductive. This positions 
fhe conductive path through the seiected tissue to he treated and isolates overiyi g , iS su! 
from the electrical pulses. 8 

eiectrod* ^ t aPParent fr0m "* f ° reg0i " 8 il,UStrati0n deSCripU0 "' "«*■» — * 
eiectrodes m ay be posttioned through the connector tempiate in substantia any desired 
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array to cover the necessary area of tissue to which electroporation is to be applied. The 
needle electrodes may be constructed of any suitable electrically conductive materials" By 
way of example but not limitation such materials may include platinum, silver, gold, 
stainless steel and or alloy of these and/or other materials. In certain applications the tissue 
to be treated lies beneath healthy tissue, the electrodes may preferably be insulated along 
a portion of the length to isolate the overlying tissue from the pulses. The needle electrodes 
may also take any suitable form and have any suitable length for the particular application. 
For example, in an application wherein insertion into or through hard material such as bone 
is necessary, the needle may be formed with a suitable drilling point such as illustrated in 
Fig 2A. Referring to Fig. 2A, a needle electrode 69 is shown formed with a spade type 
drilling point 69a for drilling through bone and other hard tissue. The point may be formed 
as a twist drill or in any other suitable drill configuration. The drill point electrode may 
be rotated by any suitable power means such as a hand drill or a small hand held drill 



motor. 



Referring now to Figs. 3-9, there is illustrated a plurality of printed circuit boards 
which are stacked together to make up the combined template connector 22. A PC board 
24, as shown in Fig. 3, forms the f ace 24 of the connector template unit. This board, as in 
each of the boards, has a dimension of about 5 cm 2 . Due to the small space available for 
the through holes which include the connectors for the respective electrodes, separate 
arcuxts for several of the through holes such as each row of the through holes are put on 
separate PC boards. Thus, as illustrated in Figs. 3-9, separate connectors and conductors for 
each row of the needle electrodes that will be inserted in a through hole are formed on the 
surface of a separate PC board. These are then stacked in an array, as illustrated for 
example, in Fig. 10. It will be appreciated that the connections for the respective holes in 
the PC boards can be made in any number of arrangements, such as a vertical or horizontal 
array. 

Referring now to Fig. 4, it will be seen that a PC board 74, which will be disposed 
directly below the PC board 24, has a row of enlarged holes 76-88 which are designed to 
recewe the lower end of connectors on the board above, as illustrated in Fig. 1 1 In 
addition, this PC board has a rowof connectors 90-102 which forms the second row of 
connecting holes for the needle electrodes of the assembly. These connecting sockets are 
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each connected as in the previous embodiment to separate en „ 

surface of the PC board to an edge of the board wh^e^th^wi^ 0101 ^ 5 eXten< ^ n ^ a ' on ^ tne 
2). Eachconnectorisseparateiyconnectedthro h " 

PoJanty), in multiple pairs (i e pair aea" , °' e " ^ ° f ° PP ° Sed 

Referring now to Fie 1 1 

- .» — It sho „; . z:;;;; e — - — * 

which SU ppo„ s them in a sligMv spaced JL- I * ^ 1 14 

«* - socket 26 for ejpj ^ " Sh ° W " ^ Ulu ^ - -Cce,, 

' or exa mple, comprises a eenerallv i 
have an opening , „ at ^ J «— * T — *ei, , „ f ormed to 

she,, is formed and crimped around ^ " *' °' "*« ««• ™- 

^^toZZLTL""** I22 ' wUch ,s — - - ~ 

- <*■ to extend ^uVZ" h 8?mentWitha " eed,e V 
unde rlying PC board 74 The sol, ^ ""^ ^ " "« W » *• 

- of conduce sockets, i„ cluding S oc k « ^ ' ^ ^ " C ^ '»< 

PC board I0S , inc,»di„ g asocke, 1M ZZl ^ " °" W 

disposed on d iff ere„ Uayers witw „ lh MhC «° ^ -P-«ve erodes are 

conductors, and thereby enabie the provision Q f! ^ 

The above described apparatL of Z " ^ " 

— -troporafon 

po^ed ^ „ plurality of needles m j ed j o :;;~ o * — * 

— the ,em pIa ,e , s _ on a hand! Z!^^ 
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sound probe 156 by means of a clamp 136. The ultra sound u ■ ■ 

rectum of the patient md ^ £ P"*« „ mserted into the 

The Physician lnserts the uJtra . so J d J b 7~; ,S 7 6 h the — ^ - , 

-u gh thetemplate. Thereafter, cJc^^^T 1 : "? * ^ 

which are hollow into th*t ■ , S Plurahty of the needles, 

•uciiuuow, mto the tumor in the Drn<tfnt<». tj, ^ 

» *e ^ in . suimt ~ u "" b : tricai pu,ses are deiivered 

or as wiII he subsequent* described T°" " ^ 

above descHbed tempiate array Jt volv ^ » J** 

separate connection to the pu ,se generate, ,. is desirab,e i„l "* * 

•He number of electrodes which ^ ,„ be .^^J^^t: " ^ 
alternate embodiments hereinafter described the , * 
number of para„e, connection so that Z 1 L " ^ *" 3 

cueing the number of s^tching re^IT " 

adjacent rows of electrodes A tr»t * aP1 " ied betWeen a " 

Purred pu, sing .heme is JZ^^T^'^ ' "* ^ 

•ta pair in reversed no, , ™ S6COnd PUlS ° "««•« 

reversed polarity. The switching then rotates 90 ,u„ 

electrodes 90 deerees in ,h. . • degrees to P"* 'he 

pair, approach has been verified. The effectless of this opposed 

14 and 15, winch reoutres only ,4 connections to the pulse generator 
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In the illustrated lay-out, all of the same numbers are connected to the same conductor 
connection in parallel. This entire array can be made up on a two-layer printed circuit 
board. The principal of switching zones in parallel can be varied further with so many 
needles in parallel that only four pulses are needed to switch the entire template of 49 
needles. Thus, at least multiple, if not all, treatment zones would be simultaneously pulsed. 

Referring to Fig. I3B, an alternative array of twenty-five needle electrodes is 
illustrated wherein all of the needles with the same number are connected in parallel on the 
circuit board. Thus, alternate electrodes in both horizontal and vertical rows are connected 
in parallel. All suitable electrodes 1 and 2 are pulsed against needles 3 and 4 which are 
connected together in parallel; second pulse is to the same electrodes with reversed 
polarity; third pulse electrodes 1 connected to electrodes(3 and pulsed against electrodes 
(2 and 4 connected together; fourth pulse in reverse polarity to this connection. With this 
connection and pulsing scheme, any large template with any number of electrodes can be 
pulsed with only four pulses. 

This switching scheme and variations thereof can be applied to arrays of any size 
and substantially any shape. The electrode arrangement and switching scheme of Figs 13 A 
can be carried out by a two-layer circuit board as illustrated in Figs. 14 and 15, which 
requires only 14 connections to the pulse generator. As illustrated in Figs. 14 and 15, a 
multi-layer connecting template 138 showing a conductor 140 connecting four of the needle 
connecting ports in a first row in parallel. A second layer which may be internal or on the 
reverse side of the same board is shown in Fig. 15 with a conductor 142 connecting the 
three remaining of the needle sockets in the first row in parallel. Thus, with this 
arrangement, seven conductors on each layer can connect all sockets on the entire board in 
this manner to the pulse generator. The sockets of the circuit board are provided with 
spring contacts as previously described, which allow the needle electrodes to make sliding 
contact and to be extended and retracted. This enables them to be easily applied to a design 
which allows the needles to be extended from and retractable into a holder. 

The above described circuit board systems enables any number of different arrays 
of the needle electrodes, preferably with multiple needles in multiple parallel rows The 
needles in each row may be the same or different in number and may be in direct opposition 
or may be offset. In addition to the various arrays of electrodes, the electrodes may be 
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pulsed in any number of different selectable arrays and sequences, not necessarily limited 
by the physical array. In its broadest sense, it is preferred that multiple electrodes of one 
polarity will be pulsed against multiple electrodes of the opposite polarity. The multiple 
electrodes will be at least pairs and may be even or odd in number or may be the same 
number in opposition to the same or different number. Several exemplary optional arrays 
of electrodes are illustrated in the following Figs. 16-19, each of which may have an 
advantage in particular applications. 

Referring to Fig. 16, a generally rectangular array with alternate offset rows of 
needle electrodes is illustrated and designated generally by the numeral 200. In this array, 
horizontal rows, such as 202 and 204 are parallel with electrodes in row 204 less in number 
and offset laterally from electrodes in row 202. It will be seen that vertical rows with 
alternate offset rows are also formed. Each electrode in each of the inner shorter row is 
equally spaced from two electrodes in each adjacent row. Pairing multiple electrodes will 
result in a non-rectangular area of coverage. 

Referring to Fig. 1 7, an electrode array is illustrated wherein each row of electrodes 
have the same number of electrodes and are laterally offset in one direction one space, and 
designated generally be the numeral 206. The alternate rows could be offset in alternate 
directions, rather than in the same direction as illustrated. It will be seen that multiple 
electrodes are in each row except the first and last vertical rows. All horizontal rows, such 
as 208 and 210 have the same number of electrodes, and all vertical rows have a different 
number of electrodes. All vertically inclines rows have the same number with adjacent 
rows offset one half space. Pairs have same number of electrodes and are laterally offset 
in one direction one space. 

Referring to Fig. 18, a generally rectangular electrode array, designated generally 
at 212, is illustrated wherein each outermost row of electrodes have the end electrodes 
missing. The outside rows, such as 214 and 216, have fewer electrodes and are shorter 
than adjacent inner rows. However, all rows are vertically and horizontally aligned, so that 
electrodes may be pulsed in multiple pairs and multiple opposed electrodes in adjacent 
parallel rows. 
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Referring to Fig. 19, a double circular array of six electrodes is illustrated forming 
a generally hexagonal electrode array, and designated generally by the numeral 218 This 
array can comprise a single or multiple hexagonal, with needles 222, 224, 226, 228 and 230 
fornung one hexagonal. Each hexagon delineates or encircles a treatment area, wherein 
each electrode may be paired with each adjacent electrode in like polarity and switched in 
polanty. In tWs array needles are preferably panned in like polarity aga^st pairs of opposite 
polanty. Thus, each electrode (such as 220) is paired with adjacent electrode 222 in like 
polanty and is pulsed against electrodes 226 and 228 which are paired in opposite polarity 
The system includes switch means for pairing each electrode with an adjacent electrode in 
any polarity and switch in polarity progressively around the circle. This array has the 
advantage of more thoroughly electroporating the selected area tissue, because two pulses 
from each pair wi.l traverse the are, Opposing p airs of needles are pulsed in sequence 
around the array in alternate polarity. 

The puke, ,o the electrodes may be applied in any suitable manner with any suitable 
system such as the system ^grammatically fflustrated in Fig. 20. A pulse generator 232 
dehvers pules 234 via switching circuit 236 to electrodes 240, 242. 244, 246, 248 and 250 
The electrodes may be in any selected array. Fol.owing each pulse control means 
assocate* with the generator s^tches the switching circuit via a signal 238 causing a 
switching of the electrodes in polarity and/or pairing. ,„ a preferred arrangement, the 
sw.tch.ng circuit may separately connect each electrode in either polarity and pair it with 
each adjacent electrode in like or opposite polarity. 

Referring to Figs. 21-26, an extendable and retractable assembly is illustrated and 
des.gna.ed generally by the numeral .44. The assembry comprises an elongated central 
support member ,4* having a head or nose piece .48. A circuit board .50 having a 
Plurality of shding through-sockets into which needles are mounted on the support member 
146 and receive the extending and retracting needles. A piurality of needies .52 are 
mounted on a tubular s,eeve .54 which is mounted on the central support member .46 As 
•he sleeve is moved along the support member, i, alternately extends and retracts the 
needles, as illustrated in Fi g 23. The device is also preferably provided with an indicator 
or gauge .56 to provide an indication of the length of extension of the needfc In 
operafon, tire nose piece .48 is placed against the tissue through which the needles 



30 



are to 



BNSDOCID: <WO 9937358A1 I > 



10 



15 



20 



25 



30 



WO 99/37358 

PCT/US99/0I293 

-20- 

:r-;:r — « — 

The extendable and retractable needles can also h„ A 
catheter. Referring to Figs 24 . 26 °" ^ be ^antageously applied to a 

S enera„ y by the nuLal ,„ „ l * ^ " - 

>« " ««ed a, a distal end ^^Z^T " ^ ^ ~ 

connectors I<8 , 17 „ an d , A ^ 3 

mounted in . mo veab,e ^ "* « 

- m and extends ,hro Ug h one J^^^T — 
-ce of dtugs or genes no, shown. As sh J„ t ""^ 

extended and retracted ftorn the end of the catheter ^ "= 

— iil::; :;„::r : * — — -„ g , he 

— >- ,0 extends J^ZT^^^." * ~ - ™" 

of genes or drugs, as the case n,a y he. A plural.tv of ! " ' 

«« « U- proxhna, end of the catheter for connect ^ ~ * "» ^ 
8-de wire I86 extends from the dista, end of the cath , , * 
by way of a ,u m e„ I88) The lumen ,„ . ^ «— «» <«Wh thereof 

«« - includes a d,s ,„ I " " " ^ *° ~* 

needles Ootn the e„ d " - * - * -ding and retract^ the 

-^:rr::rdT M ~r^^^ 

selected t^ ,« J " ^ «"» *~ ,„ lnto 
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contact with conductive strip or contacts in bore 174 in PC board 176. This arrangement 
enables the electrical pulses bo be applied completely within the selected tissue 1 62 without 
disturbmg tissue 164. This feature can be embodied into any of the previously discussed 
embodiments of the apparatus. 

The above described systems may employ any number of different arrays of the 
needle electrodes, preferably with multiple needles in multiple parallel rows. The needles 
m each row may be the same or different in number and may be in direct opposition or may 
be offset, tn addition to the physical array of electrodes, the eiectrodes may be pulsed to 
any number of different selectable arrays and sequences, no, necessarily limited by the 
physical array. in its broadest sense, i, is preferred that multiple electrodes of one polarity 
will be pulsed against multiple electrodes of the opposite polarity. The multiple electrodes 
will be a, leas, pairs and may be even or odd in number or may be the same number in 

opposition to the same or different number. 

The following examples are intended to illustrate but not limit the invention While 

•hey are typical of those that might be used, other procedures known to those skilled in the 

art may alternatively be used. 

EXAMPTF. 1 

IN VITRO STUDIES OF Er.ECTRfiPnp a XTON TRFPov 

PC-3 cells (ATCC CRL-1435, a prostate cancer cell line) were grown in RPMI- 
1 640 supplemented with 1 5% fetal calf serum (PCS) and 1% L-glutamine in 5% C0 2 at 37° 
C Cells ,n the exponential phase of growth were harvested by trypsinization and their 
v^lity was detained by trypan blue exclusion. Cel, were suspended in culture medium 

; 10 ce,,s/ ^ andsee ^ 

x 1 0 cells per we,,. Ce„s were pulsed using appropriate needle array electrodes connected 
to a square wave pulse generator. The need,e array was inserted in the well of the 96 well 
micropiate and pulsed using the following parameters: 

Voltage: 0-1000v 

Pulse Length: 99fisec 

Number of Pulses: 6 
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A cell survival curve was produced for the different electric fields. The results-are 
shown in FIG. 30. At six pulses of 400-600 Volts, with a pulse length of 99 us in a 0.5 cm 
needle array, 75-80% of the cells survived 20 hours following treatment. Thus, these 
parameters were selected for the electroporation therapy studies. 

Chemotherapeutic agents (Bleomycin, Cisplatin, and Mitomycin C) were dissolved 
and diluted in phosphate buffered saline (PBS) and added directly to the cell suspensions 
at final concentrations ranging from 1.3 x 10 9 M to 1 x 10- M. Cell survival in the 
presence of the chemotherapeutic agents, both with and without the application of the 
electric field, was determined by XTT cell proliferation assay 20 hours after treatment 
(Roehm, N.W., Rodgers, G.H., Hatfield, S.M., Glasebrook, A.L., "An Improved 
Colorimetric Assay for Cell Proliferation and Viability Utilizing the Tetrazolium Salt 
XTT," J. Immuol. Methods, 142:2, 257-265, 1991). The XTT assay is based on a 
spectrophotometric assay of the metabolic conversion of tetrazolium salts to formazan; 
living cells convert XTT to formazan, which can be measured spectrophotometrically. A 
sample survival curve is shown in FIG. 28. Results were expresses as a comparison of the 
IC 50 (concentration of drug inhibiting 50% of the cells) of each agent in the presence and 
absence of electroporation, and are presented in Table 1. 



Table 1 

EFFECT OF TREATMENT OF PC-3 CELLS IN VITRO 



20 



Agent 


ic 50 

no electroporation 


ic 50 

with electroporation 


cytotoxicity 
enhancement ratio 


Bleomycin 


1 x IC 5 


1 x 10" 8 


1000 


Cisplatin 


5 x 10" 5 


1 x 10- 5 


5 


Mitomycin C 


8x 10* s 


6x 10' 5 


1.33 



25 



The cytotoxic effects of chemotherapeutic agents on PC-3 cells were significantly enhanced 
by combining the agents with electroporation. The highest cytotoxic enhancement was 
achieved using Bleomycin and electroporation, followed by Cisplatin and Mitomycin C (# 
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of in vitro samples varied between 6 and 9. No statistics was done, although in diagram, 
the standard error is shown). Thus electroporation enhances cell susceptibility to the 
cytotoxic agents Bleomycin and Cisplatin. 

EXAMPLE 2 
MURINE MODE L SYSTEM 

In order to examine the effect of electroporation on the effectiveness of 
chemotherapeutic agents in vivo, a nude mouse model was utilized. For these experiments, 
0. 1 ml of a matrigel solution (a serum-free solution consisting of one part matrigel diluted 
in four parts RPMI- 1 640) containing 5 x 10* PC-3 cells was implanted on the flank of nude 
mice. The tumors were allowed to grow until a tumor volume of 80 ±20 m 3 . The mice 
were weighed and randomly divided into six groups as follows: 

Group 1 : no chemotherapeutic agent, no electroporation 
Group 2: 0.5 unit Bleomycin, no electroporation. 

Group 3: 0.5 units Bleomycin, 4 needle array, 0.65 cm, 942V, 4 x 100 us pulses 
Group 4: 0.5 units Bleomycin, 6 needle array, 1 .00 cm, 1 130 V, 6 x 100 us pulses 
Group 5: 0.5 units Bleomycin, 6 needle array, 0.50 cm, 559 V, 6 x 100 us pulses 
Group 6: 0.5 units Bleomycin, 4 needle array, 0.87 cm, 1500V, 4 x 100 us pulses 

In those animals which received Bleomycin, the chemotherapeutic agent (0.5 unit) 
was dissolved in 0.01 ml saline and injected intratumorally by "fanning." After 10 ± 1 
minutes, a Centronics Medpulser™ device was used to pulse the tumors with a set of 
either 6 or 4-needle array electrodes. All treatments were given as a single set of pulses. 

The animals were monitored daily for morality or any sign of disease for 67 days 
(see FIG. 24, where D=drug treatment (Bleomycin) and e=electroporation). Tumor size 
was measured and tumor volume calculated using the formula: 

volume = 7t/6xaxbxc 
wherein a, b, and c are the length, width, and depth of the tumor in MOLD-TECH. 
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l« size), a compiete response (complete disappearance of aU kno™ disease 
be due to infighting of mice in the same cage. 



Table 2 

RESULTS OF TREATMENT OF PC-3 CELLS IN NUDE M,CE 
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The results indicated that the combination 



electroporation is an effective modality for 



of a chemotherapeutic agent and 



arrays were shown to be efficacious. 



tumor treatment. Both the 4 and the 6 needle 
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In order to evaluate the technical feasibility of intra,,™,,,,- • . 
the foliowing s ,„d y was performed A malp. h ■ 7 ' nJeC "° n ""a— 

diameter wasanestne, J Am " ' ^ ^ ^ ™ h a ~ si 2 e of , 2 on, in 

iniectedintoeachofsixserZ „ ^ B '~ was 

~. -r ^^^::rr^r e ^^ 

— .o adorer the electroporation ^ ,1" * "~ 

•he test compound or electroporation were noted si " " ^ reaC,i ° nS '° 
*- w Mci pasted for the duration L^ZZ T" ^ ^ 
pulses, muscular contractions were observed The BOO ^operation 
electroporanon pulse seouences The nrs, two si ^ ^ ° f 

i-edinto^eprostatcthrou^t ^ •iTT*^*^ 
with the needles inseneddirJ T 0 " 0 ^^^^^^ 

— .cm the HOC recording tl^ ^1 " ~ * 
heart, as the ,imi„ g of the QRS complexes appea l it L h ^ " *" 

-ctroporation pulses, and no cimical disturb! S o{ 2 * " * 

-e,ed no nndmgs except for the hematomZ 2 ^ ^""^ *« 
- -ised and processed for histolo-cIvl^nT 

-enty and multifocal in distribution pattern Ne ' "™ » 

glandular portion of the prostate NoT 7" " ^ ~* " 
The study demonstrated thTh " """""S S,r °™ *- 

* prosta L ^ « * <"«^ <° ^uce necrosis of 
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EXAMPLE 4 

CANINE MODEL SYST EM OF INTRAPROSTATTC BLEOMVrTN ANTn 

ELECTROPORATION 

In order to investigate the toxicity and side effects of combined Bleomycin and 
electroporation in the prostate, a canine model was evaluated. Male beagle dogs with a 
prostate size of z 2 cm in diameter are utilized. The following methods are used: 

Group 1A, D-E+ 

(d=drug, E=electric field, +/- = presence or absence, respectively) 

Under general anesthesia, an open laparotomy is performed to expose the prostate. 
Electroporation needles are inserted transperitonealy into the prostate form the base to the 
apex, of the prostatic capsule. These are inserted using the square array templated guides 
(0.5 cm base length) and transrectal ultrasound (TRUS) ultrasound. The needle placement 
and spacing are confirmed with fluoroscopy.. Saline (0.25 ml/cm3) is injected 
transperitonealy into the prostate. The injection is delivered to the base, mid and apex 
portions of the prostate lobe using the TRUS guidance. Succinylcholine was given, prior 
to electroporation, 1 mg/kg, i.v. An EP pulse is applied according to the following 
treatment parameters: 

Experiment #1: EPT cycle (658 V) with a four needle array (1 x treatment area). Sacrifice 
at 48 hours post-electroporation. 

Experiment #2: 3 EPT cycles (658 V) with a four needle array (1 x treatment area). 
Sacrifice at 48 hours post-electroporation. 

Electrode position is monitored by TRUS image before, during, and after electroporation. 
EKG is monitored before, during and after electroporation. The toxicity is monitored by 
examining urination (void, hematuria) at 0, 24, and 48 hours post electroporation. Erection 
(rectal palpitation) is monitored at 0, 24, and 48 hours post electroporation. The blood 
chemistry profile (indicating kidney and liver function) is monitored at 0, 24, and 48 hours 
post electroporation. Both gross pathological exam and histopathological analyses are 
performed. Specifically/the prostate, testes, urethra, lung, rectum, kidney, bladder and 
caudi equina are examined. 
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Group IB, D-E+ 

Under general anesthesia, an open laparotomy is performed to expose the prostate. 
Electroporation needles are inserted transperitineally into the prostate from the base to the 
apex of the prostatic capsule. These are inserted using the square array templated guides 
(0.5 cm base length) and transrectal ultrasound (TRUS) ultrasound. The needle placement 
and spacing are confirmed with fluoroscopy. Saline (0.25 ml/cm3) is injected 
transperitoneal into the prostate. The injection is delivered to the base, mid and apex 
portions of the prostate lobe using the TRUS guidance. Succinylcholine was given, prior 
to electroporation, 1 mg/kg, i.v. An EP pulse is applied according to the following 
treatment parameters: 

Experiment #3: 3 EPT cycles (658 V) with a four needle array (1 x treatment area). 
Sacrifice at 28 days post-electroporation. 

Electrode position is monitored by TRUS image before, during, and after 
electroporation. EKGis monitored before, during and after electroporation. The toxicity 
is monitored by examining urination (void, hematuria) at days 0, 2, 2, 7, 14, and 28 post 
electroporation. Erection (rectal palpitation) is monitored at days 0, 2, 2, 7, 1 4, and 28 post 
electroporation. The blood chemistry profile (indicating kidney and liver 'function) is 
monitored at days 0, 2, 2, 7, 1 4, and 28 post electroporation. Both gross pathological exam 
and hxstopathological analyses are performed. Specifically, the prostate, testes, urethra, 
lung, rectum, kidney, bladder and caudi equina are examined. 

Group HA: D+E+ 

Under general anesthesia, an open laparotomy is performed to expose the prostate 
Electroporation needles are inserted transperitineally into the prostate from the base to the 
apex of the prostatic capsule. These are inserted using the square array templated guides 
(0.5 cm base length) and transrectal ultrasound (TRUS) ultrasound. The needle placement 
and spacing are confirmed with fluoroscopy. Bleomycin (4U/ml) is injected tranperitonealy 
into the prostate at 0.25 ml/cm 3 prostate volume (1 U/cm 3 prostate volume) using TRUS 
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guidance. Succinylcholine was given, prior to electroporation, 1 mg/kg, i.v. An EP pulse 
is applied according to the following treatment parameters: 

Experiment #4: EPT cycle (658 V) with a four needle array (1 x treatment area). Sacrifice 
at 48 hours post-electroporation. 

5 #5: 3 EPT cycles (658 V) with a four needle array (1 x treatment area). Sacrifice at 48 

hours post-electroporation. 

Drug injection and electrode position are monitored by TRUS image before, during, 
and after electroporation. EKG is monitored before, during and after electroporation. The 
toxicity is monitored by examining urination (void, hematuria) at 0, 24, and 48 hours post 
10 electroporation. Erection (rectal palpitation) is monitored at 0, 24, and 48 hours post 

electroporation. The blood chemistry profile (indicating kidney and liver function) is 
monitored at 0, 24, and 48 hours post electroporation. Both gross pathological exam and 
histopathological analyses are performed. Specifically, the prostate, testes, urethra, lung, 
rectum, kidney, bladder and caudi equina are examined. 

15 Bleomycin pharmacokinetics are also evaluated. Blood levels are determined at 

time 0, end of injection and 10, 20, 30, 60 120 minutes post electroporation. The blood 
level of Bleomycin is further determined and 1 2, 24, 36, and 48 hours post electroporation. 
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Group HE, D+E+ 

Under general anesthesia, an open laparotomy is performed to expose the prostate. 
Electroporation needles are inserted transperitineally into the prostate from the base to the 
apex of the prostatic capsule. These are inserted using the square array templated guides 
(0.5 cm base length) and transrectal ultrasound (TRUS) ultrasound. The needle placement 
and spacing are confirmed with fluoroscopy. Bleomycin (4U/ml) is injected tranperitonealy 
into the prostate at 0.25 ml/cm 3 prostate volume (1 U/cm 3 prostate volume) using TRUS 
guidance. Succinylcholine was given, prior to electroporation, 1 mg/kg, i.v. An EP pulse 
is applied according to the following treatment parameters: 

Experiment #6: 3 EPT cycles (658 V) with a four needle array (1 x treatment area). 
Sacrifice at 28 days post-electroporation. 

Drug injection and electrode position is monitored by TRUS image before, during, 
and after electroporation. EKG is monitored before, during and after electroporation. The 
toxicity is monitored by examining urination (void, hematuria) at days 0, 2, 2, 7, 14, and 
28 post electroporation. Erection (rectal palpitation) is monitored at days 0, 2, 2, 7, 14, and 
28 post electroporation. The blood chemistry profile (indicating kidney and liver function) 
is monitored at days 0, 2, 2, 7, 14, and 28 post electroporation. Both gross pathological 
exam and histopathological analyses are performed. Specifically, the prostate, testes, 
urethra, lung, rectum, kidney, bladder and caudi equina are examined. 

Bleomycin pharmacokinetics are also evaluated. Blood levels are determined at 
time 0, end of injection and 10, 20, 30, 60 120 minutes post electroporation. The blood 
level of Bleomycin is further determined and 12, 24, 36, and 48 hours and 7, 14, and 28 
days post electroporation. 

Group IDA, D+E- 

Under general anesthesia, an open laparotomy is performed to expose the prostate. 
Bleomycin (4U/ml) is injected tranperitonealy into the base, mid, and apex portions of the 
prostate lobe at 0.25 ml/cm 3 prostate volume (1 U/cm 3 prostate volume) using TRUS 
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^ZITT^ Pri ° r t0 '^- v.THe^ 

are sacrificed 48 hours after Bleomycin treatment. 

Drug injection is monitored by TRUS 

monitored by examining unnation (void, hematuria) at 0 24 and 48 hn 
elaboration. Erection (rectal palpitation) ls ^ ^ ^ ^ J 
e,ctro P o r at 10 , The bIood chem ^ ^ ^ 

^rr^T 1 " " Perf0rmed - SP6CiflCal,y ' ~ — -hra, lung 
rectum, kidney, bladder and caudi equina are examined 

time 0 e B ndT in " ^ Blood ,ev eIs are determined at 

levTl r B nJeCt T ^ 3 °' 60 ™ S The blood 

level of Bleomycm is further determined and 12 24 36 anH 48 i, 

^ 24 ' 36 > 311(1 48 hours post electroporation. 

Group DDCB, D+E- 

prosITo b a T l T ~° nea,y ^ ^ Md "« *»*"» ^ 

P «. lobe a, 0.25 ml/cm' prostate volume (, TJW prostate volume) using TRUS 

guidance. Succinyl choline is then injected at imsfeiv Th, • u , • 

28 days. animal(s) ,s sacrificed after 

Drug injection is monitored bv TRTN ■. ^ 

i", 20, 30, 60 120 minutes post electroporation. The blood 
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level of Bleomycin is further determined and 12, 24, 36, and 48 hours and 7, 14, and 28 

days post electroporation. 

Although .he invention has been described with reference to the presently preferred 
embodiment, i, s„ou.d be understood that various mediations can be made without 
deparung from the spirit of the invention. Ac^dingiy, the invention is limited on, y by 
the following claims. 



I CLAIM: 
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CLAIMS 

1 • An electrode template apparatus, comprising, 
a primary support member having opposite surfaces; 

a plurality of bores extending through said support member and through said 
opposite surfaces; 

a plurality of conductors on said support member separately connected to at least 
one of said plurality of bores; 

a plurality of electrodes selectively insertable in said plurality of bores so that each 
conductor is connected to at least one electrode; and 

means for connecting said conductors to a power supply. 



2. An electrode apparatus according to claim 1 wherein: 
said support member comprises a multi-layer printed circuit board; 
said bores comprise a plurality of aligned bores through said board; and 
said conductors comprise a conductor on each layer connected to a plurality of the 
1 5 bores on the board. 



3. An electrode apparatus according to claim 2 wherein said bores are in a 
rectangular array. 



4. An electrode apparatus according to claim 3 wherein said the connections 
of conductors to electrodes on each board are in a line. 



5. An electrode apparatus according to claim 4 wherein said rows are at least 
two in number. 



6. 

multiple rows in a rectangular array 



An electrode apparatus according to claim 4 wherein said bores are in 
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7. An electrode apparatus according to claim 1 wherein said bores are in a 
rectangular array, and a plurality of said bores are connected in parallel. 

8. An electrode apparatus according to claim 7 wherein said rows are at least 
two in number. 



9. An electrode apparatus according to claim 8 wherein said plurality of said 
electrodes have a needle configuration for insertion into issue. 



10. 



An electrode apparatus according to claim 9 wherein at least one of said 
Plurahty of electrodes have a tubular configuration for injection of molecules into issue. 

11. An electrode apparatus according to claim 1 wherein said plurality of 
electrodes have a needle configuration for insertion into tissue. 

12. An electrode apparatus according to claim 1 1 wherein at least one of said 
Plurahty of electrodes have a tubular configurate for injection of molecules into issue. 

13. An electrode apparatus according to claim 1 wherein: 

a moveable support member is mounted for movement toward and away from saxd 
primary support member; and 

said piurality of electrodes are mounted on said moveable S uppo„ member and 
slidably mounted in said plurality of bores. 

14. An electrode apparatus according to claim 13 wherein one said moveable 
support member and said primary support member is tubular and theother of said moveable 
support member and said primary support member is telescopically mounted for movement 
in said one of said support members. 



15. An^trodea PP ara,u S ac«,rding« 0 ciaimI4wherei„saidsup P ortmembers 
are disposed on an end of a catheter. 
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1 6. A needle electrode template apparatus, comprising- 
a pnmary support member having opposite parallel surfaces 

means for connecting said conductors to a power supply. 

17. An electrode apparatus according to claim lfi,„i. • , 
of at least two in number. ^ b ° reS are in r °» s 

'8. An electrode apparatus according ,„ claim 16 wherein 



19. 



-PP0rt m e m „e^ Xlr atUS ^ " ^ °" - 

^member^d^ 

20. ^e'^'rodeapparatusaccordingtoclaimig^h,™ 
are deposed on an end of a catheter. SUPP ° n members 

" 2, . J An e,eCtrodea PP^ according ,o claim , wherein- ~ ' 
— -pport member comprises a multiple printed circuit boards- 
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^ bores comprise a p,„ rality „f a, igned bores ^ ^ 

said conductors comprise a conductor on e*rh h„o ^ 
bores on each board. ^ C0nn6Cted t0 3 of the 



22. An electrode apparatus according to claim 2 1 wherein- 
said plurality of bores are disposed ^ a pjura]ity Qf pardjei 

switching mans for selectively connect in* 00 -j 

23. An electrode apparatus according to claim 22 wherein- 
- pl uraIlty of paraIleJ rows ^ at ^ ^ ^ number ^ 

switching means is operative for selective. direction, and 

supply so that a,, parane, rl of Jl^ZT^ ""'^ '° * 
pulsed. ° deS 3 glVen dirMi °" « simultaneously 



15 



20 



25 



24. An electrode apparatus accordini, to i u • 

electrodes is configured as a drill hi, r ■ " ^ <"* ° f said 

nngured as a dnll btt for msertton into bones and the like. 

comprisi " ^ " deC,r °~ fOT «* <~>„ of an a g e„, i„, 0 . cell, 

Active,, inse^Te in I d , • ' " * « " ~* 

trode. and means for connecting said conductors to a power supply 

«a Plurality of bores and contacting the cell- 
contacting said cell with an agent; and 

applvinganelectricfieldtosaidceU for the miction of said agent to said cell. 
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26. The ; 



-«.odo fclaim25 , wllereinsajdoontactjngjs 



in vivo. 



21 ■ The method of claim u . 

' a SJan > and an ovary ceJI. 

28 - The method of claim 0-7 

ra27 ' Where, " SaH ««-p r o St a t e tumorce „ 

29 The method of claim o< . 

^25, where ,„ saidceIlisamaramaijanceji 

30 - The method of claim 29 u,h„ • 

9 ' Where,nsaid ^11 is a human cell. 

31 - The method of daim 25 h • 

yofe,ec,rodesa„ dasi;IneedIeairayofei 



32 The method of claim ?s », 

*• «*— «* e,ec tric fleld i s from abou , 50 ^ 

- -„ j: in ^ — * fc eIMtriMI pulse is from about 5 _ 

35 * The method of claim 33 h 
8r ° UP —*« wave pulM I ^ » f™, 
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— s^ciz::; r rein " d s,ep ° f « «*— . 

9 of bore, tnCudes msemng ^ ^ jn , 



« ■ The method of c,ai m 40, wherein said contacting is ;„ 



vivo. 



«■ The method of Cairn 40, wherein said ce,, is a neop^c ce„. 
«■ The method of Cain, 40, wherein the tissue is a mammal ,i ssue . 
««• The method of Cairn 43, wherein the tissue ■„ . humao Ussue 

45 - The method of claim 40 wherein «iw f 
listing of pancreas, iarynx, pharynx iip 2 , " ^ ^ 

-rus, prostate, thymus, testis, *"* ^ ^ — -on, 

46 ^ ° f ^ -id -issue is a prostate. 

47 - The method of claim 40 «,!,», ■ 

— omthe^pconsi^ofai;:::: Lit; r ,ty ; f need,e * 

of electrodes. ^ of e,e ^odes and a six needle array 

48 - The method of claim dn „ u • 
» is from about 50 V/cm to bI v^ ^ " ^ amPl " Ude *«* 
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49. The method of claim 48, wherein the pulse of high amplitude electric signals 
is applied as from about 1 to 1 0 electrical pulses. 

50. The method of claim 48, wherein the pulse of high amplitude electric signals 
is from about 5 ^sec to 50 msec in duration. 

5 5 1 The method of claim 48, wherein the pulse of high amplitude electric signals 

u. selected from the group consisting of a square wave pulse, an exponential wave pulse 
a unipolar oscillating wave form of limited duration, an a bipolar oscillating wave form of 
limited duration. 

52. The method of claim 51, wherein said electrical pulse is comprised of a 

1 0 square wave pulse. 

53. The method of claim 40, wherein said agent is a selected from the group 
consisting of a nucleic acid, a polypeptide and a chemotherapeutic agent. 

54. The method of claim 53, wherein said chemotherapeutic agent is selected 
^ ^ from the group consisting of Bleomycin, Cystplatin, and Mitomycin C. 
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FIG. 12 V 
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FIG. 13 
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FIG. 13A 
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FIG. 13B 
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EPT OF PC -3 CELLS IN VITRO 
WITH BLEOMYCIN 
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PULSED ELECTRIC FIELDS IN VITRO 
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